Abel's theorem is used to solve the Fredholm integral equations of the ÿrst kind with Gauss's hypergeometric kernel. The case that the kernel takes general form is discussed in detail and the solution is given. Here, the works of some authors are considered as special cases. The discussion focuses on the three dimensional contact problems in the theory of elasticity with general kernel.
Introduction
Many problems of mathematical physics, engineering, and contact problems in the theory of elasticity lead to the Fredholm integral equations of the ÿrst kind, (see [4, 6, 12] ), a 0 k(x; y) (y) dy = f(x):
(1.1)
Here, f(x) and k(x; y) are given functions, and k(x; y) is the kernel of the integral equation (1.1) which may have a singularity while the unknown function (x) denotes a potential function. The end points (0; a) are the points of the geometric singularity. At these points the function (x) is bounded if it is a potential function while it has an integrable singularity if it is a ux type quantity.
In [7] , Arutyunyan has shown that the plane contact problem of the nonlinear theory of plasticity, in its ÿrst approximation, can be reduced to Eq. (1.1) with the Carleman kernel, k(x; y) = |x − y| − ; 06 ¡ 1. The importance of Eq. (1.1) with Carleman kernel comes from the contact mixed problems in a half space in the theory of elasticity wherein the modules of elasticity is changing according to the power law. The plane contact problems for the ordinary half-space, as it is well known [14] , are equivelent to the integral equation of the ÿrst kind with logarithmic kernel, k(x; y) = −ln(|x − y|).
Abdou [1] , established Eq. (1.1) from the three dimensional contact problems in the theory of elasticity with potential kernel where the coe cients bed of the compressible materials are neglected.
In the present paper we use one integral representation of the Gauss's hypergeometric function to give a general solution of the Fredholm integral equation (1.1). This solution is given by means of the composition representation of the general operator through two operators of the Volterra type with Abel's kernels. This paper is organized as follows: In Sections 2 and 3, Abel's theorem is used to solve the integral equation (1.1) when the kernel takes a certain case of hypergeometric function. Also, the works of some authors are considered as special cases of this work. In Section 4, the three dimensional contact problem in the theory of elasticity with general kernel. We apply in Section 5 the Wiener-Hopf technique to study general potential kernel of two variables and corresponding integral equation. In Section 6 a number of examples of the equations and their solutions is given. Also, we obtained some integral relations between Gegenbauer polynomials and Chebyshev polynomials. Finally, in Section 7 we list certain contact problems in the theory of elasticity, nonlinear theory of plasticity and other problems of mathematical physics where these general equations and their particular cases may appear or be applied.
Hypergeometric kernel
Consider the Fredholm integral equation (1.1) with the kernel k(x; y) = 1 (x 2 + y 2 ) 2n F n; n + 1 2 ; m; 2xy
(2.1)
and (x) is the Gamma function. The function F( ; ÿ; ; z) deÿned by this series is the Gauss's hypergeometric function (see [8, 18] ). (1 + 2n − m)
where
Proof. To prove Theorem 1, ÿrstly, consider the integral relation for the hypergeometric function [8] ,
0¡2n¡m, and the Volterra integral equation of the ÿrst kind with Abel's kernel
with its solution
Secondly, multiply both sides of Eq. (2.4) by (y) and integrate with respect to y. Then the known function of Eq. (1.1), a = 1, takes the form
From Eqs. (2.6) and (2.7), = m − 2n, we obtain
Hence, the theorem is completely proved.
Interesting cases
Now, we are in a position to consider the following interesting cases derived from the kernel (2.1). ln(|x − y|), and the general solution of Eq. (1.1), a = 1, takes the form
For establishing Eqs. (3.1) and (3.2) the following relations may be used:
Eqs. (3.1) and (3.2) agree with the work of Mkhilarian and Abdou [15] . 2. If m = n + 2 and n = p=2; 0 ¡ p ¡ 1, in Eq. (2.1). We have [16] the Carleman kernel k(x; y) = |x 2 − y 2 | −p ; 0 ¡ p ¡ 1, and the solution of (1.1), in this case, takes the form
)) 2 ; (a = 1): (3.6)
The previous results agree with the work of Mkhitarian and Abdou [14] . 3. If n = 1 4 and m = 1 the hypergeometric kernel of equation (2.1) takes the form of elliptic kernel,
x + y (see [17] ). Kovalenko [11] developed the Fredholm integral equation of the ÿrst kind for the mechanics mixed problems of continuous media and obtained an approximate solution when the elliptic kernel is reduced to Weber-Sonin integral formula
where J 0 (z) is the Bessel function of the ÿrst kind. The general solution of Eq. (1.1), in this case, becomes
This result is very important in the contact problem of the zero harmonic symmetric kernel of the potential function of zero harmonic.
Generalized potential kernel
In axi-symmetric contact problems for an impressing stamp of regular form of an elastic plane into a half-space, the deformation of which obeys a power law, we consider a three dimensional contact problem of frictionless impression of an elastic space x; y ∈ ; x 2 + y 2 = r6a; Z = 0. It is known [4] that the integral equation of such a problem takes the form
= f * (x; y); (06 ¡ 1); (4.1)
under the evident static condition P(x; y) dx dy = P (constant)¡∞:
Here, is the contact domain between the stamps and the half-space, f * (x; y) is a known function which will be deÿned completely in the end of this section and P(x; y) is an unknown function which describes the pressure between the stamp and the surface plane. By using the polar coordinates, Eqs. Secondly, we use the famous relation, ( [10] , p. 716),
2 ): (4.14)
Hence, Eq. (4.13) becomes
The integral formula of Eq. where
Popov [16] stated that in order to obtain the solution of Eq. (5.1), it su ces to obtain the solution of the most simple equation
; Im z¿0:
Now, making use of the formulae
The solution of Eq. (5.3) (see [5, 16] ) is given by
06r ¡ 0, where
After obtaining the solution of Eq. All the previous cases discussed in this paper can be established as special cases of Eq. (5.8).
Krein's method (see [9, 12] ), is considered the best method for solving the integral equations in applied mathematics problems where the singularity disappeared.
Examples
(1) Letting m = ± 
